Pr ogress of C-Map: a Context-a w are Mobile Assist ant Sidney F els, Y asuyuki Sumi, T ameyuki Etani, Nicolas Simonet, Kaoru Koba y ashi, and Kenji Mase A TR Media In tegration & Comm unication Researc h Lab oratories Seik a-c ho, Soraku-gun, Ky oto, 619-02, JAP AN fels@mic.atr.co.jp +81 774 95 1448 fax: +81 774 95 1408 Abstract An in terface agen t with a life-lik e c haracter on a p er- sonal mobile computer based guidance system is a plau- sible in terface design approac h for supp orting and medi- ating comm unication b et w een exhibitors and visitors of m useums, lab oratory tours and trade-sho ws. The guide agen ts should acquire their information ubiquitously and in tegrate this kno wledge to pro vide con text relev an t as- sistan t to visitors. C-MAP is a con text-a w are mobile assistan t system that pro vides a mobile guide agen t for assisting visitors during exhibitions. The system uses 30 p ortable computers, t w o serv ers, and an activ e badge lo cation serv er. The p ortable computers are net w ork ed using a 1Mbit/sec wireless FM connection to the ether- net whic h the serv ers are connected to. Curren tly , the guide agen t has a life-lik e animated c haracter with four di�eren t b eha viours, a ph ysical map and a seman tic map. The ph ysical map trac ks the visitor’s lo cation relativ e to the exhibits while the seman tic map trac ks the visitor’s in terests relativ e to the exhibitions. The guide agen t uses the visitor’s in terest to plan a tour through the exhibi- tion. A la y ered infrastructure is used to co ordinate the guide agen ts and distribute their computation. This pa- p er presen ts progress made to w ards the implemen tation of C-MAP . 1 In tro duction The concept of C-MAP , a con text-a w are mobile assis- tan t w as in tro duced b y [8]. In w orking to w ards realizing the ideas of C-MAP considerable infrastructure has b een created. This pap er presen ts details of the net w ork in- frastructure and the progress made to w ards creating a guide agen t. As discussed in [8], when visiting a m useum, exhibi- tion or trade sho w, m uc h of the information w an ted b y the visitor is a function of the con text during the visit. F or example, if they are at demonstration n um b er 10, they w ould lik e to ha v e information ab out demonstration n um b er 10 a v ailable quic kly . F urther, if they express in- terest in what demo 10 is ab out, they will probably lik e to kno w if there are other related demos. One solution to this problem prop osed in [8] is to ha v e a tour guide who can in teract with the visitor to understand what the visitor’s in terests are as the tour ev olv es. The C-MAP pro ject is ab out trying to mak e a tour guide agen t using p ortable computers, trac king hardw are and computing serv ers. An ideal p ersonal tour guide do es not need to b e an ex- p ert in all the areas b eing exhibited; rather, he should b e able to kno w ho w to connect a visitor with the relev an t sources of information in a timely and con textually rel- ev an t manner. F urther, he should also b e able to gauge the in terest of the visitor as she is sho wn exhibit dis- cusses it with the tour guide and/or the exhibitor. The tour guide should b e able to syn thesize all this informa- tion along with an y time constrain ts that the visitor has to mak e an e�ectiv e visit to the exhibits. The tour guide should b e able to assist the visitor in pursuing her in ter- est after the exhibit is o v er. This ma y include in tro duc- ing her to a comm unit y of p eople in terested in the same things or pro viding directions for further in v estigation. Finally , guides should ha v e their o wn sense of presence. That is, they should b e mem b ers of the exhibition sta� and b e a w are of the exhibition space and visitors in that space. The main p oin t ab out the ideal tour guide is that he m ust b e able to adjust the information he pro vides in a con tex- tually relev an t w a y according to the ev olution of the tour and the in terests of the visitor. In our e�orts to dev elop the ideas in [8], w e used the ann ual op en house exhibi- tion of our researc h lab oratory at A TR MI & C Researc h Lab oratories as the �rst test b ed for the C-MAP system. During the op en house, the guide agen t gathered infor- mation ab out the ph ysical lo cation of the visitor and the in terests of the user to recommend demonstration sites to visit. F urther, the guide agen t pro vides services to as- sist the visitor in �nding relev an t demonstrations. These services include a ph ysically based map so that visitors can see where they are relativ e to the demonstrations and a seman tic based map so that visitors can see where their inter ests are relativ e to the demonstrations. The 1 seman tic based map is based on [9]. In implemen ting the ideas of C-MAP , w e ha v e t w o main fo cii; using an agen t to in tegrate con textual information so that visitors ha v e the information they need when they need it and fostering the dev elopmen t of comm uni- cation links b et w een p eople (either visitors and visitors or visitors and demonstrators). The �rst fo cus relates to some of the goals of ubiquitous computing [10]. The guide agen t has the abilit y to detect the visitors lo cations in the tour. F urther, the guide agen t can generate only con text relev an t queries suc h as \Did y ou lik e that?" This abilit y allo ws the computing asp ects of the guide agen t to b e hidden from the visitor since he will not ha v e to c ho ose from non-relev an t information or attend to non-relev an t queries. There are other systems up on whic h the success of the C-MAP pro ject is built. The ICMAS Mobile Assistan t Pro ject [6] pro vided a p ortable computer assistan t that pro vided v arious services to assist conference attendees. The p ortabilit y and wireless radio LAN access is similar to the C-MAP structure; ho w ev er, connection w as made using cellular phones. The attendees w ere resp onsible for connecting to the net w ork to use email services and allo w other services to use the net w ork facilities. In con trast, C-MAP uses a 1 Mbit/sec wireless LAN to connect all the mobile computers together. This pro vides constan t, unencum b ering, high sp eed access to net w ork services. This is imp ortan t for a ubiquitous en vironmen t. The wireless asp ect means that the mac hines can b e with the visitor at all times. The constan t access allo ws the mobile assistan t to b e constan tly up dated to an y situa- tion whic h ma y b e relev an t to its b eha viour. The high sp eed access allo ws signi�can t amoun ts of information, i.e., w eb pages to b e loaded on demand with minimal w ait b y the visitor. The Cyb erguide [3] is also an attempt at pro vid- ing con text-a w are mobile computing. Their hand-held tour guide w as designed to assist visitors around their mon thly op en house at their lab as w ell. The main fo cus of the w ork rev olv ed around using lo cation-a w are devices for con text to assist visitors with a ph ysical map. They used v arious TV remote con trol b eacons whic h transmit- ted lo cation iden ti�cation to the hand held computers. The ph ysical map and lo cation con text are the same as our system. Ho w ev er, w e are attempting to capture vis- itor’s in terests. Curren tly , w e do this b y using the visi- tor’s input when in teracting with the seman tic map. W e also plan to monitor w eb page activit y , engage in activ e dialogue and use on-site as w ell as o�-site information ab out the visitor to assess their in terests. The Ubiquitous T alk er [5] consists of a translucen t LCD displa y that allo ws the visitor to see a scene through the displa y , a CCD camera for recognizing real w orld ob jects with color-bar ID co des, a microphone for recog- nizing h uman v oice and a sp eec h syn thesizer. When the visitor lo oks at an ob ject through the LCD, the CCD camera recognizes the bar co de and pro vides relev an t in- formation ab out the ob ject on the displa y and b y sp eec h syn thesis. The system allo ws the visitor to feel they are sp eaking with the ob ject itself. One of the goals of our system is to facilitate not only h uman-to-exhibit in ter- action, but also h uman-to-h uman in teraction. That is, our view is that b ehind eac h exhibit are p eople who are kno wledgeable and in terested in it. The exhibit is a fo- cal p oin t for this comm unit y and the guide agen t should help the visitor b ecome part of it if appropriate. 2 Ov erview of C-MAP Imple- men tation The curren t implemen tation of C-MAP w as built to pro- vide a mobile computer based tour guide for visitors dur- ing the Op en House exhibition at A TR M.I. & C. re- searc h lab oratories. During the exhibition there w ere 19 di�eren t demonstration of researc h pro jects along with p oster describing an additional 60 researc h pro jects go- ing on at the researc h lab oratories. A t eac h demonstra- tion there w as at least one demonstrator to sho w the system. After registration at the C-MAP demonstration site, visitors w ere pro vided a p ortable computer whic h w as their tour guide 1 . Figure 1 sho ws a visitor with one of the p ortable mac hines. Using one of the guide agen ts services, users could select from k eyw ords to con- v ey their in terests. F rom this information, the tour guide agen t can plan an itinerary and suggest demonstrations whic h ma y b e of in terest. The agen t’s displa y has three sections: 1. c haracter animation represen tation of agen t 2. ph ysical map (lo cation based relationship) 3. seman tic map (seman tic based relationship The c haracter animation had four di�eren t animations to indicate four agen t states: thinking, suggesting, push- ing and idle. The ph ysical map sho w ed the la y out of the ph ysical lab oratory space along with marks for eac h demonstration and p oster site. Additionally , the lo ca- tion of the visitor w as mark ed. The ph ysical map indi- cates the geographic distances b et w een the visitor and the di�eren t sites. An activ e badge system from Oliv etti w as used to trac k user’s lo cations. Finally , the seman tic map w as a v ailable whic h sho w ed the seman tic distances b et w een the user’s in terest (indicated b y k eyw ords) and the v arious sites. Figure 3 sho ws an example of the dis- pla y that the visitor sees. In this �gure, only the ani- mated c haracter and ph ysical map is visible. Due to the 1 The tour guide pro cessing w as distributed b et w een the p ortable mac hine and a serv er mac hine.

Figure 1: A visitor using one of the mobile assistan ts. small screen size, the visitor w as resp onsible for either scrolling or selecting b et w een the the seman tic map and the ph ysical map. A t ypical scenario for a visitor w as the follo wing. The visitor came to the registration desk. Registration p er- sonnel ask ed the visitor for some information to �ll in a visitor pro�le. The visitor’s pro�le included their name, compan y a�liation, initial in terests, carto on c haracter they lik e, badge and mac hine name assigned. With this information an HTML page w as generated. The as- signed mac hine, running HotJa v a, loaded the newly cre- ated w eb page whic h started the tour guide agen t. Once started, the tour guide agen t con tacted the cen tral agent server and registered the badge and agen t name with the serv er. The serv er uses this information to allo w the activ e badge system to trac k the visitor’s badge as they mo v e through the lab oratory . Additionally , the visitor’s initial in terest is comm unicated to the agen t serv er so that an initial tour plan can b e dev elop ed for this visitor. Recommended tour sites are highligh ted on the ph ysical map. As the visitor mo v es through the lab oratory , their lo cation is up dated on the ph ysical map. The visitor ma y also in teract with the ph ysical map and/or the se- man tic map using the p ortable mac hine’s p oin ter (one p ortable used an isometric jo ystic k and the other used a p en based input device). Mo ving the cursor o v er sites and clic king on sites caused information to b e displa y ed ab out them. When the visitor used the seman tic map they could c hange the k eyw ords that they though t w ere in terest- ing. When this happ ened, the information w as rela y ed bac k to the agen t serv er so that a new plan could b e de- termined. F urther, the agen t serv er is constan tly a w are of the lo cation of the user so that it can use lo cation history to plan new tour suggestions. Figure 2: Sc hematic diagram of the C-MAP system. (T ak en from [8]) Figure 3: Close-up of mobile agen t’s displa y . Only the ph ysical map is sho wn here. 3 C-MAP Implemen tation Figure 2 sho ws a sc hematic diagram of the C-MAP sys- tem. F rom the visitor’s p ersp ectiv e, they are pro vided a p ortable computer with their p ersonal guide agen t. Fig- ure 3 sho ws a t ypical displa y that a visitor w ould see on their p ortable guide agen t mac hine. Notice, in the upp er left corner is the animated c haracter along with a message b o x whic h the animated c haracter uses to send messages to the visitor. Also sho wn in �gure 3 is the ph ysical map. Notice that there are small mark ers sho w- ing the lo cation of demonstrations and p osters. On the same page as the ph ysical map, sho wn in �gure 4, is the seman tic map. The seman tic map sho ws seman tic relat- edness using Euclidean distance of k eyw ords and ob jects. The guide agen t mac hines are connected to a cen tral agen t serv er using a 1 Mbit/sec wireless LAN. In addition, eac h visitor is w earing a badge that emits IR iden- ti�cation information. Sensors lo cated at sites in the lab oratory iden tify when a badge is in its sensor zone. The badge n um b er and site lo cation are comm unicated to the cen tral serv er o v er an ethernet connection. In the follo wing sections, the necessary hardw are and soft w are infrastructure required to connect the whole system is discussed. The implemen tation of the individual parts of the agen t are brie y discussed. 3.1 C-MAP: Hardw are and Soft w are The C-MAP system has three main pieces of hardw are. The �rst is the p ortable computing mac hines to imple- men t the displa y part of the agen ts. W e use �fteen Li- bretto 60 computers and �fteen Amit y VP computers. Eac h has 32 MB of memory and uses Windo ws95 and runs HotJa v a1.1 for w eb bro wsing. The second piece of hardw are is the activ e badge system from Oliv etti. This system trac ks small badges w orn b y visitors using in- frared signals detected b y sensors placed strategically in the lab oratory . The sensors are ph ysically attac hed to a cen tralized PC. The badge iden ti�cation and lo cation are collected in a cen tralized mac hine and made a v ail- able via the ethernet. The third piece of hardw are is an agen t serv er mac hine. Agen ts are connected to it b y a wireless 1Mbit/sec FM LAN. F or the agen t serv er w e use an SGI On yx with 4 R4400 pro cessors and 128 MB memory . Some of the agen t’s computing is p erformed on the agen t serv er and some on the p ortables. The lo ca- tion serv er and agen t serv er are ph ysically attac hed to an ethernet and comm unicate using TCP/IP . All of the agen t co de for the p ortable mac hines is in Ja v a. W e use HotJa v a1.1 as our bro wser since it allo ws the use of net w ork services including so c k ets. The agen t serv er is written en tirely in Tcl [7] and its ob ject orien ted extension [incr Tcl] [4]. W e use an in-house clien t/serv er proto col as describ ed in section 3.3. 3.2 Guide Agen t Curren tly , the guide agen t has four main comp onen ts: the animated c haracter, the ph ysical map, the seman tic map and the planner. The ob jectiv es for the guide agen t during op en house w ere fairly mo dest as w e w an ted to test the infrastructure b efore pro ceeding to more com- plex mo dels of agen t b eha viour. The main ob jectiv es for the guide agen t at this p oin t w ere: � trac k agen tee’s ph ysical p osition on ph ysical map � trac k agen tee’s in terests on seman tic map (using k eyw ord input to measure in terest) � suggest alternativ e demonstrations sites to visit de- p ending up on agen tee’s in terest (whic h ma y c hange throughout the visit) � pro vide an animated c haracter whic h represen ts the guide agen t’s in ternal state F or eac h agen t, the planner is implemen ted on the agen t serv er mac hine using [incr Tcl] [4]. The other comp o- nen ts are implemen ted on the p ortable mac hine in Ja v a. The parts of the agen t implemen ted on the p ortable com- puters are called the p-agen t comp onen ts and the parts implemen ted on the �xed mac hine are called the f-agen t comp onen ts. A comm unication infrastructure has b een constructed to allo w the p-agen t to comm unicate with its f-agen t as w ell as the agen t serv er as describ ed in subsection 3.3. The same infrastructure is used to com- m unicate with the badge lo cation serv er. W e partially used an Async hronous Hierarc hical Arc hi- tecture (A-HA) [1] to implemen t our guide agen ts. In this framew ork, the agen t’s kno wledge and con trol struc- tures are hierarc hical consisting of a motiv ation, p olicy , b eha viour and action la y er. F urther, all activities whic h ma y o ccur b oth inside the agen t and in the agen t’s w orld are async hronous. By using the A-HA approac h, the guide agen t resp onds to ev en ts as they happ en. Due to time constrain ts, our curren t implemen tation of the plan- ner is v ery simple and op erates at the b eha viour la y er. Our future w ork deals with increasing the complexit y of our agen ts to use the full hierarc h y and distributing the computational load. The follo wing sections describ e eac h of the comp onen ts implemen ted on the p ortable mac hine (p-agen t comp o- nen ts). These comp onen ts along with the badge lo cation serv er information are the guide agen t’s main source of information ab out the agen tee. F urther, these are the mec hanisms whic h the agen t uses to transmit informa- tion to the agen tee. 3.2.1 Animated Character The animated c haracter is the simplest comp onen t of the p-agen t comp onen ts. W e created 11 di�eren t c har- acters whic h the visitor could c ho ose from. Eac h c har- acter had short animations of four di�eren t b eha viours whic h could b e con trolled remotely (see section 3.3). The four di�eren t b eha viours included thinking, suggesting, pushing and idle. Additionally , the animated c haracter could b e set to exhibit a particular b eha viour for giv en duration. The b eha viours w ere implemen ted as a FIF O queue. When the queue is empt y the idle b eha viour is displa y ed. The animated c haracter applet is resp onsi- ble for sending the agen t serv er the name of the ani- mated c haracter the visitor c hose when they registered. Ab o v e the animated c haracter w as a small message win- do w whic h can also b e con trolled remotely .

3.2.2 Ph ysical Map The ph ysical map is sho wn in �gure 3. The map sho ws the ph ysical la y out of the lab oratory . Additionally , lo ca- tion and attributes of demonstration and p oster sites can b e dynamically added and c hanged remotely (see sec- tion 3.3). F urther, the lo cation of the agen tee can b e in- dicated dynamically . The ph ysical map allo ws the agen- tee to zo om in on in teresting areas. Eac h lo cation has attributes suc h as colour, description of site, URL, etc. The site description app ears when the agen tee mo v es the mouse o v er a site and pauses. When the user clic ks on the site, the URL is loaded in to a new w eb bro wser 2 . The ph ysical map is con trolled b y the agen t serv er when- ev er the visitor mo v es to a new demonstration site. As so on as one of the sensors detects a badge, the badge id and the sensor lo cation is transmitted to the agen t serv er, whic h then marks the visitors lo cation on the map. F urther, the planner con trols the lo ok of the ph ys- ical map to suggest di�eren t sites that the visitor should go to. The ph ysical map is resp onsible for sending the agen t serv er the badge n um b er of the curren t visitor after registration. 3.2.3 Seman tic Map The seman tic map is sho wn in �gure 4. The map sho ws the seman tic distance b et w een ob jects (based on k ey- w ords) transformed to a Euclidean space. The ob jects can b e p eople, demonstration sites or k eyw ords. When the visitor is using the seman tic map they can c ho ose k eyw ords whic h indicate their in terests. These k eyw ords are lo cated on the seman tic map along with icons repre- sen ting p eople, demonstrations and p osters whic h are in the lab. The visitor can then see whic h ob jects are most closely related to the k eyw ords they ha v e c hosen. The selected k eyw ords are used to form an in terest v ec- tor. The in terest v ector is a list of all demonstration sites ordered b y their relatedness to the visitor’s selected in- terest k eyw ords. This in terest v ector is sen t to the agen t serv er where the agen t’s planner is implemen ted. The planner then uses this information along with lo cation information and history to suggest whic h demonstrations should b e seen next. F urther, the agen t serv er also uses lo cation information to highligh t demonstration ob jects in the seman tic map when visitors en ter the demonstra- tion site’s sensor zone. 2 This feature w as not used during op en house. The loading of a URL can also b e con trolled remotely . Figure 4: The guide agen t’s displa y sho wing the seman tic map. 3.3 Clien t/Serv er Comm unication In- frastructure A k ey comp onen t for C-MAP to w ork is the comm uni- cation infrastructure. The general structure is sho wn in �gure 5. The agen t serv er and the clien ts ha v e a la y ered structure for comm unicating with eac h other. There are t w o main w a ys this structure is used 1. agen t clien ts use agen t serv er’s services (including executing the f-agen t part of the agen t) 2. agen t serv er con trols agen t clien t In our framew ork, the Tcl la y er of the agen t serv er ac- cepts strings sen t to it and executes them as Tcl scripts. On top of this la y er is an ob ject created using [incr Tcl] whic h is the agen t serv er la y er. This ob ject pro vides public metho ds whic h the agen t clien ts can run remotely . Th us, when an agen t clien t w an ts to use an agen t serv er’s services it sends a Tcl script to execute one of the agen t serv er’s metho ds. In the same manner, when a comp o- nen t in the p-agen t w an ts to execute metho ds on the f-agen t it sends a Tcl script to the agen t serv er whic h runs the appropriate metho d. As an example, consider when a user �nishes register- ing. A t this p oin t, a new HTML page is created for them whic h is loaded in to HotJa v a on the p ortable ma- c hine. This page has the registration information for the new visitor. When HotJa v a loads the page, the agen t is started but still needs to send the registration informa- tion to the serv er. T o see wh y the agen t serv er needs this information, consider the visitor’s badge n um b er. The sensor site lo cation co ordinates of eac h badge are determined b y the activ e badge system and transmitted to the agen t serv er. The serv er needs to kno w whic h agen t is curren tly using this badge so that it can up date the p osition of the visitor on the agen t’s ph ysical map.

Figure 5: Sc hematic diagram of the C-MAP infrastruc- ture Th us, the agen t m ust send its o wn name and badge n um- b er to the agen t serv er. T o do this the agen t sends the follo wing Tcl string: %S registerBadge agent1 Badge10 The %S sa ys run the registerBadge command on the agen t serv er with the t w o argumen ts: agen t1 and Badge10 3 . The other Tcl commands the agen t sends are: %S registerCharacter agent charName %S setInterest "information vector" whic h register the t yp e of animated c haracter to use and the list of prioritized demonstration sites determined b y the seman tic map for the planner, resp ectiv ely . The activ e badge system uses a similar tec hnique to com- m unicate badge lo cations as they are determined. When a new badge lo cation arriv es, the activ e badge la y er in �gure 5 sends a Tcl string to the agen t serv er with the badge n um b er the name of sensor whic h detected the badge. The agen t serv er has a data base with sensor names and the X-Y lo cation of the sensor in the lab ora- tory . 3.3.1 Applet In terpreter In terface Curren tly , the agen ts on the p ortable systems only ha v e a application sp eci�c in terpreter. This adho c in terpreter la y er implemen ts an in terpreter whic h allo ws application sp eci�c commands to execute Ja v a co de. W e call the adho c in terpreter a Ja v a In terpreter. When the pro- to col la y er of an agen t receiv es a message with a Ja v a in terpreter header it passes the string along to the Ja v a in terpreter. The Ja v a in terpreter then parses the mes- sage and calls the appropriate metho d main tained b y the agen t clien t la y er in the sp eci�ed applet. The ap- plets corresp ond to one of the three functions that the 3 The %S actually is a sp ecial ag whic h tells the proto col la y er to replace the ag with the name of the agen t serv er that this agen t is connected to. agen t has: animation applet, ph ysical map applet or se- man tic map applet. This comm unication mec hanism is easily illustrated b y example. Consider the animation applet. It has four animations to exhibit four di�eren t b eha viours. The agen t clien t has a command: addBehaviour THINKING 10 If the agen t running on the agen t serv er will b e think- ing for 10 seconds it can send the ab o v e command to the agen t. The agen t serv er’s proto col la y er kno ws that the destination agen t has a Ja v a In terpreter and assem- bles the message accordingly and sends it to the p ortable agen t. When the p ortable agen t receiv es the message, its proto col la y er recognizes that a Ja v a In terpreter com- mand has b een receiv ed and passes it along to the in- terpreter whic h parses the message and calls the appro- priate metho d in the agen t la y er along with the t w o ar- gumen ts. Eac h applet has di�eren t publically accessible metho ds whic h are a v ailable in teractiv ely b y using the Ja v a In terpreter. In this w a y , di�eren t mark ers on the ph ysical map or seman tic map can b e added or ha v e their attributes c hanged. T o illustrate, here are some the commands a v ailable in the Ja v a In terpreter: 1. Animation applet � addBeha viour b eha viour time � resetBeha viour [b eha viour] [time] � newMessage message 2. Ph ysical Map applet � addDemo name x y � addP oster name x y � setP osition comp onen tName x y � setState comp onen tName stateName (High- ligh t, Normal, Blurred) � highligh tDemo demoNum b er � setAllState stateName � setURL comp onen tName URL � setP opupInfo comp onen tName info � switc hT o applet 3. Seman tic Map applet � highligh tDemo demoNum b er T o summarize, agen t clien ts send Tcl scripts to the agen t serv er and the agen t serv er sends Ja v a in terpreter com- mands to the agen t. The agen t serv er is an [incr Tcl] ob ject. Since it is an [incr Tcl] ob ject, agen ts can ma- nipulate it b y executing Tcl scripts in the Tcl in terpreter where the agen t serv er is. The Tcl la y er pro vides a com- m unication c hannel from the net w ork to the Tcl in ter- preter where the agen t serv er is; th us, agen ts can send Tcl scripts to the agen t serv er’s mac hine and the Tcl la y er will execute them. The agen ts can execute an y Tcl script in this manner; ho w ev er, the when an agen t connects to an agen t serv er the agen t serv er’s name is passed to the agen t la y er to use. The agen t serv er la y er then restricts applets to only run agen t serv er metho ds. W e plan to replace the adho c in terpreter in the clien t to a Tcl in terpreter implemen ted in Ja v a [2]. This will allo w the agen t serv er to con trol the agen t clien t using Tcl scripts to o. One adv an tage of the comm unication infrastructure used in C-MAP is that agen ts can easily b e distributed on to an y mac hine required. F urther, the computation can b e though of in terms of ob jects rela ying messages b et w een themselv es. The messages sen t are just Tcl scripts. F or example, in the C-MAP application w e plan to imple- men t ob jects whic h represen t demonstrations, demon- strators, visitors, agen ts (using A-HA arc hitecture) and a w orld activit y manager. These ob jects can b e imple- men ted in C, C++, Ja v a or Tcl. Eac h ob ject will b e able to seamlessly in teract with an y other ob ject using the comm unication structure curren tly dev elop ed. This arc hitecture has a signi�can t adv an tage when in- terfaces to other applications and exhibit ob jects are needed. F or example, a demonstration ob ject ma y w an t to retriev e con text information ab out the curren t visitor. These demonstrations can then adjust themselv es to suit the visitor. In the op en house w e had t w o suc h demon- strations. First, w as a 3D w alkthrough demonstration of the lab oratory . All the badge’s lo cations w ere con- tin ually sen t to this application so that all the visitors could b e placed inside the 3D scene. Second, w e had a 3D w alkthrough of a sim ulation of a arc heological dig. When the visitor used the system, their animated guide c haracter app eared in the w alk through. 4 What W ork ed and What Didn’t The C-MAP pro ject has man y parts whic h all ha v e to w ork for the system to function. F urther, these parts m ust b e w ell in tegrated, pro vide consisten t service and seamless op eration for the visitor. By the time op en house started the follo wing parts w ere w orking prop erly: � Eac h of the applets w ork ed w ell indep enden tly and pro vided an in terface to the agen t la y er for external con trol. The in terface implemen ted for eac h applet w as minimal as can b e seen from section 3.3.1. � The clien t/serv er infrastructure w as completed and functioned w ell. During the 2 da ys of op en house, when all 30 mac hines w ere running w e exp erienced only one unreco v erable error. � The planner part of the agen t w as simple but w ork ed. The planner w as able to highligh t recom- mended demonstrations for the visitor using the in- formation v ector coming from the seman tic map. Ho w ev er, the planner did not use an y lo cation his- tory information. � The activ e badge output w as in tegrated in to the C-MAP system. This allo w ed the agen t serv er to attend to c hanges in badge lo cation when they o c- curred. � The registration pro cedure w en t smo othly . Gather- ing visitor’s pro�les and assigning badges, starting up mac hines and starting the guide agen t w ork ed w ell. Some of the parts of C-MAP did not meet our exp ecta- tions. In particular: � The activ e badge system from Oliv etti adv ertised that 32 sensors could b e used and spread o v er the demonstration sites. In fact, it w as not capable of monitoring more than 6 sensors. Because of this, w e had to limit our exp erimen t to six demonstration sites. F urther, the up date rates sometimes had lags of up to 5 seconds. This made the system b e up to 5 seconds out of date. In a small space, suc h as our lab, this can b e problematic for pro viding timely information. � The animation c haracter w as able to displa y di�er- en t states of the agen t. Ho w ev er, since the planner w as not to o complex there w ere no states to displa y . � The planner did not use lo cation information and visitor in teraction to form its plan. � The guide agen t did not allo w w eb sur�ng during the tour. It w as planned that for eac h demonstration (and p oster) site there w ould b e a w eb page whic h w ould app ear when the visitor w as in fron t of it. This w as prepared but not made a v ailable for the visitors. � Only mo dest in tegration of eac h of the three parts w as done. The external in terface to eac h of the three parts w as not su�cien t to supp ort a high degree of in tegration. F urther, visitor’s in teractions with eac h of the di�eren t applets w as not used to deter- mine visitor’s in terest in v arious demonstrations and p osters.

5 F uture W ork A t this p oin t, the C-MAP system exp erimen ted with at A TR’s op en house is still in the early stages of dev el- opmen t. No w that m uc h of the infrastructure has b een built whic h allo ws agen ts running on the p ortable ma- c hines to comm unicate nearly seamlessly with an agen t serv er (and eac h other) w e are impro ving the agen t side of C-MAP . The main areas w e are w orking on for the C-MAP system include: 1. Increasing the complexit y of the agen t to include more con text from dialogue with the visitor and vis- itor in teraction statistics. 2. Pro viding other guide agen t services including matc h making assistance and comm unit y dev elop- men t facilitation. 3. Constructing a demonstration agen t to help visitors in teract with demonstrators. 4. Get a b etter trac king system. It w ould b e ideal to ha v e a trac king system that can giv e not only site lo cations, but also X,Y co ordinates of the visitor on the o or. F urther, the sample rate should b e as fast as p ossible with as little lag as p ossible. 5. Impro ving the comm unication infrastructure b y re- placing the adho c in terpreter with a Tcl in terpreter. 6 Conclusions The �rst test of C-MAP w as successful in the sense that w e w ere able to build and in v estigate the C-MAP infras- tructure and see where tec hnical problems w ere. The infrastructure w ork ed w ell and w as reasonably exible allo wing last min ute c hanges to b e in tegrated easily . The guide agen t is still relativ ely immature and only has sim- ple con text a w areness. W e are curren tly impro ving the guide agen t and in tegrating more con text for the guide agen t to mak e inferences ab out the in terests and needs of the visitor. Ultimately , w e hop e to ha v e a guide agen t that can fa- cilitate comm unication b et w een real-w orld ob jects (ex- hibits), exhibitors, virtual kno wledge spaces (suc h as w eb sites) and visitors. F or this to w ork it is imp ortan t that w e can trac k and assess the user b y unobstructiv ely mon- itoring them and using this information. F rom the vis- itor’s p ersp ectiv e, this information gathering will b e in- visible, but the resulting guide agen t b eha viour will b e adapted to the task at hand. By using appropriate con- texts and in tegration of v arious media the line b et w een virtual realit y and real realit y will b ecome in visible. 7 Ac kno w edgemen ts Our pro ject leader, Y asuyuki Sumi, w as instrumen tal in pro curing the gratious co op eration of fello w researc h mem b ers in the M.I.&C. Lab oratories while w e disturb ed them to gather information needed for this pro ject. Their patience is greatly appreciated. References [1] A. Bruderlin, S. F els, S. Esser, and K. Mase. Hi- erarc hical agen t in terface for animation. In A ni- mate d Interfac e A gents Workshop Pr o c. of the In- ternational Joint Confer enc e on A rti�cial Intel li- genc e (IJCAI’97) , August 1997. [2] I. Lam and B. C. Smith. Jacl: A Tcl implemen tation in Ja v a. In Pr o c. 5st Tcl/Tk Workshop , pages 31{ 36, Boston, CA, USA, 1997. [3] Sue Long, Dietmar Aust, Gregory Ab o wd, and Chris A tk eson. Cyb erguide: Protot yping con text- a w are mobile applications. In CHI 96 Confer enc e Comp anion , pages 293{294. A CM, 1996. [4] M. McLennan. [incr Tcl]: Ob ject-orien ted program- ming in Tcl. In Pr o c. 1st Tcl/Tk Workshop , Uni- v ersit y of Berk eley , CA, USA, 1993. [5] Katashi Nagao and Jun Rekimoto. Ubiquitous talk er: Sp ok en language in teraction with real w orld ob jects. In IJCAI-95 , pages 1284{1290, 1995. [6] Y oshiy asu Nishib e, Hiroaki W aki, Ic hiro Morihara, and F umio Hattori. Analyzing so cial in teractions in massiv e mobile computing {exp erimen ts of icmas’96 mobile assistan t pro ject{. In IJCAI-97 Workshop on So cial Inter action and Communitywar e , pages 19{24, 1997. [7] J. K. Ousterhout. Tcl and the Tk T o olkit . Addison- W esley , New Y ork, 1994. [8] Y asuyuki Sumi, T ameyuki Etani, and Kenji Mase. Con text-a w are mobile assistan t. In Pr o c e e dings of the 55th IPSJ A nnual Me eting , pages 443{444, Sept. 1997. [9] Y asuyuki Sumi, Koic hi Hori, and Setsuo Ohsuga. Computer-aided thinking b y mapping text-ob jects in to metric spaces. A rti�cial Intel ligenc e , 91(1):71{ 84, 1997. [10] M. W eiser. Some computer science issues in ubiq- uitous computing. Communic ation of the A CM , 36(7):75{83, July 1993.